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Abstract 
The execution of residual strain measurements using neutron diffraction in order to determine the residual stress state 
in a material or component is now a well-established method. The analysis of the uncertainty of the resultant strain 
and stress is a topic that is frequently brought into discussion. There are many sources, some obvious and some not so 
obvious that can contribute to the overall uncertainty and each should be considered carefully. The potential 
uncertainties could be simulated using a model that closely represents the experimental set-up and the particular 
sample that is being measured. A suggested form could be the use of a finite element model of the sample within one 
of the many neutron scattering simulation programs. The interaction between the properties of the sample and the 
instrument and/or set-up that is measuring the strain is something that can vary substantially. Taking this into 
account, the accuracy of the final uncertainty of the measurement is revisited and reassessed in this discussion. 
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1. Introduction 
In this very brief review paper, the work that is being carried out that brings together measurement and 
simulation is discussed. The execution of residual strain measurements using neutron diffraction in order 
to determine the residual stress state in a material or component is now a well-established method and is 
also subject to being standardized [1, 2]. In the past many international institutes have participated in 
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several ‘round robin’ exercises [3, 4] in order to establish whether one can measure the same values of 
strain (and hence determine stress) using neutron diffraction to within a certain uncertainty.  
Understanding and minimizing sources of systematic and random uncertainty and representing them in 
the final analyses has been a major focus of attention. Clearly every aspect of a measurement, the 
properties of the sample being measured and the interaction of the measurement and the sample have to be 
taken into account. This could, in future, be assisted with the help of modeling. With ever increasing 
computing power more realistic and thorough modeling can be carried out and therefore new insights and 
optimizations established. Presently Monte Carlo/Ray tracing programs such as McStas [5], VITESS [6] 
and RESTRAX [7] have the ability to simulate and optimize neutron instruments. The strain and stress 
properties of a component or sample are typically modeled using finite element modeling (FEM), with 
programs such as ABAQUS [8] and ANSYS [9] being available. The need now is to make complete 
measurement simulations with all the complexities a sample can give overlapping with those of the 
instrument being used. This is a logical step forward for future work, for a unified uncertainty analysis. 
This work gives a snap shot of what is currently happening within this subject with a brief vision for the 
future. 
2. The European NeT project 
The European network NeT [4] have undertaken parallel round robin activities, not only measuring 
(including neutron diffraction) but also predicting the residual stresses generated by laying a single 
Tungsten Inert Gas (TIG) weld bead on an AISI Type 316L austenitic stainless steel flat plate. This is the 
work of Task group 1 (TG1). Another task group (TG4) also looks at a three-pass slot weld specimen in 
austenitic stainless steel 316L as a natural extension of complexity [10]. These exercises give an 
opportunity to look at and compare results with the natural goal of agreement with each other. The 
modeling (using FEM) and measurement protocols specified common locations for predictions and 
measurements of residual strain for stress determination. In general the modeling of a sample and getting 
it right is a far more complex undertaking than making measurements (whether destructive or non-
destructive). In general more assumptions and many different approaches exist in modeling. The 
agreements of the modeling and measurement however have been good within the NeT project and where 
there has been any disagreement a logical reason was in most cases found. Fig. 1 shows a Bayesian 
average [11] of four neutron stress determinations made in the TG1 specimen along the centre through 
thickness line in the transverse direction [12]. This is from phase 1 of TG1 (measurements made before 
December 2006). This is compared to a later stress determination (phase 2) on the residual strain 
diffractometer E3 at the HZB [13]. The agreement is very good, however one or two points do not agree 
so well. The issues of grain size [14] making the data more ‘noisy’ is a possible explanation in this case. 
When there are not enough grains within a diffracting gauge volume, the assumption of counting statistics 
no longer applies and therefore the uncertainty obtained from a fitting routine underestimates the random 
actual uncertainty. 
Although not in the current remit of the NeT project, the next logical step is the complete global 
simulation of sample and measurement, this would give an insight of the possible uncertainties due to the 
interaction of the sample and the measurement. This is an important step for the concept for a complete 
uncertainty analysis. 
Robert C. Wimpory and Mirko Boin / Procedia Engineering 10 (2011) 1639–1644 1641
3. The interaction of the sample and the instrument 
3.1. The instrument 
A typical neutron strain measuring instrument, E3 [13] at the Helmholtz-Zentrum Berlin, Germany is 
an angular dispersive type of diffractometer, with neutrons being created by the steady state reactor 
source BERII. A monochromator is used to select a single wavelength (currently at 1.486 Angstroms) 
from the polychromatic neutrons produced by the reactor. E3 uses a perfectly bent Si wafer 
monochromator device which consists of 5 vertically arranged Si (100) crystal rows. There are also many 
other types of instruments for strain determination, e.g. using the time of flight (TOF) principle such as 
ENGIN X at ISIS [15]. 
There are many aspects that a model can quantify, such as divergence of the beam (both horizontal and 
vertical) and hence how good is the definition of the gauge volume (and hence how averaged is the strain 
measurement other the gauge volume). The simulation of an instrument is relatively easy compared to 
that of a sample or indeed the interaction of the instrument and sample. 
3.2. Bringing measurements and simulations together 
A very detailed simulation of the whole system could answer many fundamental questions such as:  
How good is the reference value in a measurement, how does the reference value change in the sample 
and what is the influence of chemical composition, microstructure and do the elastic constants also 
change as a result? All of these obviously could change on very local levels. In addition one often 
assumes the principal directions of strain to be along the axis of a sample (if the sample is of a regular 
shape) although this is not always the case [16].  Another important question is whether the application of 
continuum mechanics appropriate for a granular material? It is evidently a very good assumption as many 
inter comparisons with neutron diffraction and destructive techniques (such as deep hole drilling) agree 
very well, e.g. [17]. 
A simpler global simulation can answer questions about the effect of absorption of the neutrons in the 
gauge volume or the displacement of the sample from the center of rotation of the diffractometer [18]. 
Steps have already been taken to simulate more realistic samples [19] within neutron scattering 
simulation packages. Here a new sample module for McStas has been created to calculate appropriate 
neutron cross sections and the attenuation coefficient whenever a virtual neutron intersects the sample. 
This module can incorporate strain distributions and also texture distributions has already been used for 
various experimental set-ups such as Bragg edge instruments [20] as well as normal strain diffractometers 
[13]. The existence of such modules could allow sensitivity studies of particular aspects, e.g. the impact 
of texture on residual stress measurements (and the resultant change of elastic moduli for example). 
Another important topic is the surface effect where the gauge volume leaves the surface of a specimen 
resulting in aberrations [21]. These aberrations are especially to do with the interaction of sample and 
instrument and only a complete global simulation can give a total insight to what is happening. Possible 
complications of high texture at surfaces can also be taken into account making the interpretation of 
measurements more accurate. The possible aberrations of using a secondary slit system [22] compared to 
a radial oscillating collimator [23, 24] can also be directly assessed for a particular experimental set-up. 
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4. The future 
It is clear that with increasing computer power, the complexity and realism of simulations will 
increase. For the sample, simulations will take into account increasingly smaller sections, for example on 
an atomic scale. This will allow the study of e.g. chemical compositional, grain size, microstructural 
change for all kinds of material processing.  
The coupling of a realistic simulation of a measuring method (such as neutron diffraction) will assist 
the interpretation of the results. A virtual journey from the point of view of a neutron, from its creation to 
its final scatter in the material will aid the understanding of all possible outcomes and probabilities (and 
hence uncertainties). This would also serve as a valuable tool in the teaching and learning of physics, 
chemistry and material science.  
It is hoped that future simulations become more and more reliable, being able to optimize 
manufacturing processes, making them more efficient and economic. Measurement techniques will also 
undoubtedly improve and will always be there for a constant quality control check. Another very 
important aspect is data logging of the whole measurement. Not only the final Bragg reflection on the 
detector but also all motions of all components relative to each other. The possibility to log accurate 
positions of optics and samples by various means (e.g. using lasers and high resolution cameras) allows 
the experiment to be ‘played again’ by simulation so that one can see whether any collisions or strong 
vibrations have influenced the measurement in any way. The program SSCANSS [25] (Strain Scanning 
Simulation Software) has already the facility to visualize a specimen in an instrument to scale and ‘play’ 
the programmed measurement as a means to optimize the measurement procedure. An extension of this 
for the visualization of problems encountered. Also the real time measurement of environmental factors 
such as temperature should be made, in case a few degree change in temperature could influence the 
strain values recorded. Another important point is the motion of all motors and whether they go to their 
destinations with the desired accuracy. All these parameters can be logged into a single file for reference 
in case questions need to be answered at a later date.  
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Fig. 1. Transverse stress determination of TG1 single weld bead specimen along the centre through thickness line.
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